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I'ype Hi secreted Sop protein effectors are delivered ' i > ndic cot > oiicit cellular responses 
underlying Salmon, lie pathogenicity. In this work, we have Sdcnilti ! nnnthvi - mUtl ■> U-w, SopK2, «nd 
showed that SopE2 is an important invasiosvnssoehded effector. SopF.2 is encoded by She sopK2 gene which is 
present and conserved in pathogenic strains of Sain 2. is highiv homologous to SopE, a protein 

encoded by a gene within a temperate bacteriophage and present in only some pathogenic strains. 
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translocation of several bacterial effector pro- 
teins into She cytoplasm of hosi ceils. 11 is becoming apparent 
that the mechanism of type III secretion and translocation is 
conserved in a variety of bacteria, although each pathogen 
appears to have a specific set of secreted protein effectors. 
Upon translocation, the i-.n^tcriul protein effectors affect dif- 
ferent host cell functions and elicit a variety of responses. This, 
in turn, has a major impact on the development and progress 
ol infection. 
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ber of protein effectors (3, 4, 5, 9, 12, 17) secreted and trans- 
located into eu k Me ! s i S i type III 
secretion system, which is one of two type III systems present 
in salmonellae (for a review, see reference 2). The Inv/Spa 
system is encoded "11 i , i _ i i , si J '1 , - 
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{7. 10. 1 1. 16). Al least some of the Sip proteins appear to have 
multiple activities and perform several functions, bui i< is be- 
lieved itiat the minor bi ne: ion , a Sip lb C. u,d 1) i, :o e\e,n\ 
the translocation "of a set of speelbe efieeioi proteins into 
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is located outside SPf- i and Is encoded within a temperate 
bacteriophage (5, 15). Interestingly, not all strains of Salmo- 
nella earn I he sop; cent ■ugv CS iiug eibier 1 hat the SopE 
function is redundant or that: there is another protein with 
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SopE was initially identified as a component of protein ag- 
gregates accumulated in the culture media ol Salmonella en- 
lerica serovar Dublin Bi {slp!> mutant) (17). This suggested 
that sipB mutants of d liferent Salmonella strains may have 
different profiles of Sop proteins deposited inlo filamentous 
aggregates. In order to assess the Sop protein profiles from 
Salmonella strains with different host specificities, we first 
transduced the polar siplf mutation from serovar Dublin BI 
into a variety of other Salmonella strains (virulent field isolates 
from the IaH strain collection) by using P22 transduction. The 
correct mutations in Cm 1 transfectants (one for each strain) 
were confirmed by PGR (data not shown). Different sipB mu- 
tant strains were then grown overnight at 25"( in Luria-Bertani 
medium, were diluted I (Mold in fresh i.B medium, and were 
incubated for 5 h at 3TC. All Salmonella strains lesled pro- 
duced iiiaruenls similar to those produced by serovar Dublin 
1H. i he protein hi uncut ageregai'es nccuriRiiaicd in each flask 
were collected and washed in pho pi it buffered saline, es- 
se i ti IK s dcsei e ier ( 1 iiarncnls v e ii si bed in 
sodium dodecyl su lib te-pc>lyacryi;tntidc gei electrophoresis 
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blue (Fig. 1A) or was blotted onlo a nitrocellulose membrane 
and probed with an anti-Sop! i monoclonal antibody (Fig. IB). 
The analysis ol the Coomassic-staittcd gel revealed that fila- 
ment aggregates isolated from each Saluumetta strain were 
ei ! iv , i i u i st ol > v u i I'll , h cas 
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.VLTNKWKNFMLQTLHDIDIRGSA 100 

1 DRFSLHQQTDIPTTHFHRGNASEGRAVLTSKTVKDFMLQKLNSLDIKGNA 100 

1 SKDPAYA3QTREAILSAVYSKYKDQYCNLLI SKGIDIAPFLKEIGEAAQN 150 

1 SKDPAYARQTCDAMLSAVYSNNKDHCCKLLI SKGVSITPFLKEIGEAAQN 150 

1 AGLPGATKNDVFSPSGAGANPFITPLITSAYSKYPHMFTSQHQKASFNIY 200 

1 AGLPGEIKNGVFTPGGAGANPFWPLIAAASIKYPHMFINHNQQVSFKAY 200 

1 AEKIIMTEWPLFNECAMPTPQQFQQILENIANKYIQNTP 240 

I I I I : I . I I . I I II ... I I I 1 I I ! . : I I I I I I I : I I . 
1 AEKIVMKEVTPLFNKGTMPTPQQFQLTIENIANKYLQNAS 240 
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fragment of I he expected size was amplified in all other sam- 
ples (data not shown). This further suggested that serovar 
Typhimurium F98 and SI 5306 did not possess sopE and that 
l he -30-kDn protein from these two strains may be a different 
protein, i'o investigate this protein further, wc extracted the 
30-kDsi protein produced hv serovar '! vphimurium F9S. sub- 
jected ii to N-iermmal ammo acid scquericiiig.. add used it lor 
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stream primer S 1 .4 ; S' -C T< JA'I AAATGAATTCAGGCCGC 
ATC-3') based on the available sequence from serovar Typhi 
and modified to include restriction sites. Chromosomal DNA 
from serovars Dublin 2229 and Typhimurium b'db were used as 
templates. The resulting DNA fragments were cloned i 
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SopE2 protein was 64% identic; 
SopE2 sequence was found to be remarkably conserved in 
diilereni Salmmdla serotypes, with only s;x amino acid substi- 
tutions in Sop! -2 in serovar Paratyphi compared to that in 
serovars Typhimurium and Dublin. We next designed two 
primers, SE2up ( 5 '-TCGTGGGAGCGGATCCGAGGGTAG 
GGCAGTAT-3 ') and SJR2dawn (5'-T('j(2G(."'A(3CCTCGAGT 
ATCT'CTTTC 2AG A A A-3 ') , from an internal pari of sopE2 and 
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specificities (data not shown). Together, these data suggest 
that the sopE2 sequence is present and conserved in different 
S. enierica strains. 
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wild- type strain, was missing in the sapE2 mutant but reap- 
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then messed In a cultured cell invuhion assay, essentially as 
described earlier (17). The results of this experiment clearly 
showed that serovar Typhimuriura Si '2.1 had a reduced ability 
to invade HeLa ceils (Fig. 4). The invasion phototype was 
partially restored by complementing the mutations in trans, 
demonstrating that the invasion defect in the mutant strain is 
due to inactivation of sop!. 2. 

Thus, we have identified Sop! -.2, an invasion-associated se- 
creted protein o( Salmonella. Structurally., sopE2 is very similar 
to sopE, suggesting thai these l\vo genes have I he same cvohi- 




F98WT SE2.1 SE2.1/SopE2 

FIG. 4. Invasion of HeLa cells by the wild-type serovar Typhimurium F98, 
serovar Typhimurium SI':. I sopK2 mutant, and serovar Typhimurium SE2.1/ 
pSopH2sl transcomplcmented sopE2 mutant strains. All strains were grown over- 
night at 26 C. then diluted 10-fold and grown at 37°C to an optical density at 600 
nm of 0.5. The cells were infected with bacteria at an approximate ratio of 1:10. 

( 1 00 uas ml I treatment loi I h. 1 he .ells were lysed with 1% Triton X-100, and 
the numbers of bacteria sun h ing gentamicin treatment were calculated by viable 
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irSopB (3), AvrA (4), or SptP { 12). However, our 
analysis revealed thai there is a gene encoding a SopD (9) 
homologue. The sequence of this protein is 4i<X identical to 
that of SopD (data not shown). 
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suggest I hat Salmonella appear: 
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effector proteins while allowing simttita aeons rapid evolution 
of the gene sequence. Those mutated gene variants that pro- 
vide selective advantage can then be disseminated throughout 
the population via mobile genetic elements. 

Nucleotide si-qn-. net- acceschm [nun her. The sequence of the 
DNA fragment from serovar Typhimurium F98 identical to 
that from serovar Dublin 2229 was deposited in the EMBL 
database under accession no. A3 •'200952. 
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